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Abstract This paper investigates atmospheric atten-
uation correction andice flag algorithms for the NASA
Scat terometer (N SCAT). The data from the Special Sen-
sor Microwave/llnager (SSM/1) aud SeaSat scatterome-
ter (SASS) are analyzed to define and evaluate the ap-
plicability of potential algorithms. The results show that
the monthly-averaged attcnuationmaps derived from the
SSM/Idata can be used to correct NSCA'l' data with a
residual error of about (1.1 dBrms under rain-free con-
ditions. However, when there is rain, the climatolog-
1cal attenuation map is not applicable because of the
temporal and spatial variability of rain, andalgorithms
for rain flagging or correction remain to be investigated.
NSCAT is designed to per form wind measurements over
icc-free oceans. To reduce the temporal uncertainty of
ice growth andmotion, a sea-ice classification algorithm
using the NSCA'l' data and the distinet. physical scatter-
ing signatures of ocean surfaces and sea ice is proposed.
This ice-flagging algorithm extends the performance o f
NSCAT into the polar oceans.

1. INTRODUC TION

Global ocean wind measurcinents arc critical for ocean
and atmospheric studies. NSCAT, the NASA Scatterom-
cter [1], operates at Ku-band (13.995 Gllz)and will be
launched on the Japanese ADIOS-1 spacecraft in1996
for theremote sensing of ocean winds. Occan winds arc
the key driving force of atmospheric and ocean circula-
tions. lach side of theswath with respect to the space-
craft groundtrack is illuminated bythrce antenna beams
from different azimuthangles (Fig. 1). The fore and aft
antenna beams are vertically polarized, while the mid-
dlebeamn is dual-polarized. The backscattered signals
are Doppler-filtered using an on-board digital signal pro-
cessor Lo produce 20 normalized radar cross-section (99)
cellssimultancously. Thedat a collected {rom these three
antenna beams allow the estimation of wind sped and
direction based ontheazimut |y diversity of observation
angles.

The electromagnetic waves at Ku-bandfrequency arc
more susceptible toattenuation from atmospheric cloud
water and water vapor than at C-band, the operating
frequency of the ERS-1scatterometer. The atmospheric
attenuation, if uncorrected, will degrade theperformance
of wind velocity measurciments. Because there willpe 110
companion microwave radiometers for atmospheric}sens»
ing on ADINOS-1, the use of other available remote sens-
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ing data sources necds to be considered for correcting the
atmospheric attenuation. Inaddition, the lack of coin-
cidental radionieter data requires an ice-flag algorithm
which uses thescatierometer data to flagthe presence of
ice 1nthe scatterometer footprint.

11. ATMOSPHERIC CORRECTIONAL GORITIHM

I'he data considered in this paperare from the Special
Sensor Microwave/lmager (SSM/1), which is a multi-
frequency scanning radiometer for the remote sensing
of atmospheric paramecters. The atmospheric attenu -
tion dat a [2]derived [rom one year of SSM/1 data have
been analyzed. The geographical variations of attenua-
tion data with or without rain were analyzed by grouping
thedatain 1° by 1° bins. The two-way atmospheric at-
tenuationcan reach as high as ().6 dB3 without, raiu near
tropical areas andbecomessinaller for areas away from
the equator. Data were also averaged on a monthly basis
with the results indicating strong geographical and sea-
sonaldependence, as illustrated in Fig. 2. The monthly
standard deviations of atimosphericattenuation for all 1°
by 1° cells were evaluated,indicating an average value of
0.1 dBunder raiu-free conditions and over 0.3dB with
all weather conditions considered. This means that un-
der rairl-free conditions, we can accurately correct, for the
atmospheric attenuation using the mounthly- averaged at-
tenuation map derived from the SSM /1 data. However,
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Figure 2. T'wo-way raill-free atmospheric attenuation versus
average andd:1g in July1992.(b) Monthly average for 1992.

in the presence of rainthere could be sig nificant residual
errors with thisapproach. Hence,further study onrain
correctionorflagging is required.

HI. SEA ICETLAGGING ALG ORITHM

The ice flagging algorithin proposed uses the NSCA'T
data to distinguish between sea ice and wind-roughened
occan surfaces. This algorithm is based on the distinct
scattering signatures of sca ice and ocean surfaces at
moderate to large incidence angles [3], At smallinci -
dence angles, the radar backscattering is dominated by
the rough surface, whileat large incidence angles, it is
dominated by volume scattering frombrine inclusions
and air bubblesinthe ice, Because these volume scatter-
crs have small cllipticitics and arc randomly oriented in
the azimuth direction, the co-p olarized backscatter ratio
Y(= onn/ouw) for scaice is close to unity at large inci-
dence angles. In contrast, the Bragg scattering by cap-
illary waves resultsinsmall v a largeincidence angles.
I'ig. 3 illustrates the co-p olarized backscatter ratio from
the sea ice and occan surface as a function of incidence
angles. It is shown that « for sea ice is in general several
dB larger than that of sea surfaces at low to moderate
wind speeds at above 45 degree incidence angles. 11ow-

latitude, longitude =- -30°

. incidence angle = 60° (a Monthly

ever, thedifference reduces at higher wind speeds. To
resolve the uncertainty in wind speeds, the absolute level
of 0o is used to determine whether the wind speced is less
thau acertain value, such as 8m/s. IYig. 4 illustrates the
backscattering cocflicients of sca ice aud sea surfaces as
a function of mcidence angles and shows that ora of sca
surface is less than -20 dBatan incidence angle greater
than 45 degrees for § /s winds.

Based onthese ohservations, the NSCAT data col-
lected by the dual-polarized antenna beams at greater
than 50 degree incidence angles cau be confidently used
to classify theiceand ocean for eachpass. With the
data collected from multiple passes, a continuous ice edge
canbe constructed using the collection] of fragmentedice
edges obtained fromevery pass within a few days.

IV.SU MM ARY

This paper presents algorithins for correcting the atimo-
spheric attenuation under rilill-free conditions and au ice-
flagging algorithm for NSCAT. The proposed attenuation
algorithin uses the mon thly-averaged at tenu ation map
derived from the SSM/Idata. Althoughthe performance
of tlis algorithininthe absence of raio is accept able,
au algonthm applicable to cells contaminated by rain
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Figure 3. Copolarized backscatter ratio (1) of first-year (I'Y)iceandwind-roughencdsea surfaces as a function of ncidence

angles. 9nh and g4, of the sca surface are calenlated from Wentz's SASS geophysical model fun cti on [4]

. oo of FY ice was

the backscatterdat a obtained by Kim et al.[5]. (a) Comparison of the copolarized ratio of ice and the sea surface at the
upwind direction for three windspeeds. (b) Comparison of the copolarized ratio of ice and the seasurface at theup, cross,

and down-wind directi

on for 8 m/s winds.
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Figure 4.Backscattering cocflicients of first-year (I'Y)iccandwind-roughened sea surfaces as a function of incidence angles.
goof me sca surface is calculated from Wentz’s SASS geophysical inodel function [41. 0g of F'Y ice was the backscatter data

obtained by Kim et al.

remains to be dete
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rimined. Finally, the approach of the

Nilysical-based algorithm for icc flagging is described.
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